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IRXUGLIIHUHQWVXUIDFHXSOLIWPRGHOVIRUWKHZHVWHUQIODQNRIWKH&HQWUDO$QGHV)LJXUH152
&RVPRJHQLF+HFRQFHQWUDWLRQVDUHFDOFXODWHGLQFUHPHQWDOO\XQWLOSUHVHQWGD\6WDUWLQJHOHYDWLRQV153
YDU\GHSHQGLQJRQPRGHOVVHHEHORZDQGILQLVKDWWKHFXUUHQWHOHYDWLRQIRUHDFKVLWHVLWH* 154
PVLWH' P155
156
7KHIROORZLQJXSOLIWKLVWRULHVKDYHEHHQPRGHOOHG 157
No uplift (NU):7KLVPRGHODVVXPHVWKDWWKHUHLVQRFKDQJHLQHOHYDWLRQIURP0DXQWLOSUHVHQW158
GD\159
Early Miocene uplift (EMU):8SOLIWUDWHVDQGWLPHVDUHFRQVWUXFWHGEDVHGRQWKHXSOLIWUDWHVIURP160
WKHDGMDFHQW3LFDUHJLRQ)LJXUH$VXJJHVWHGE\9LFWRUHWDOZLWKWKHPDMRULW\RIWKH161
XSOLIWRFFXUULQJSULRUWR0D7KHSDOHRHOHYDWLRQPRGHOIRUERWKVLWHVVKRZVLPLODUVXUIDFH162
XSOLIWUDWHVDQGWLPHVRIPRYHPHQWDVIDXOWVZLWKLQWKH3LFDUHJLRQ9LFWRUHWDO163
Linear Uplift (LU):7KLVPRGHODVVXPHVDOLQHDUUDWHRIXSOLIWIURPVHDOHYHODW0DWRSUHVHQW164
GD\DOWLWXGHV165
Late Miocene uplift (LMU7KLVPRGHOLVEDVHGRQUDSLGXSOLIWGXULQJWKHODWH0LRFHQH7KH166
WLPLQJRIHOHYDWLRQFKDQJHZDVEDVHGRQVRLOFDUERQDWHSUHFLSLWDWLRQWHPSHUDWXUHR[\JHQLVRWRSHV167
IRVVLOOHDISK\VLRJQRP\DQGSDOHRVXUIDFHUHFRQVWUXFWLRQSUHVHQWHGLQ+RNHHWDODQG168
*DU]LRQHHWDO8SOLIWUDWHVZHUHEDVHGRQDFRQVHUYDWLYHPRIXSOLIWZLWKLQWKH169
/RQJLWXGLQDO9DOOH\LQWKH/DWH0LRFHQH+RNHHWDO%DFNJURXQGXSOLIWUDWHRIPP\U170
RIWKH&RDVWDO&RUGLOOHUD'XQDLHWDODQGPLQRUPRYHPHQWDORQJORFDOIDXOWVEDVHGRQ171
)DUtDVHWDOZHUHDVVXPHGWRKDYHRSHUDWHGIURP0DWRWKHSUHVHQWGD\172
173
)RUHDFKXSOLIWKLVWRU\WKHWKUHHPDLQin situ FRVPRJHQLFQXFOLGHVFDOLQJPRGHOVZHUHXVHG/DO174
'XQDL/LIWRQHWDO3DODHRPDJQHWLFGDWDIURPQRUWKHUQ&KLOHLQGLFDWHWKDWWKHUH175
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
KDVEHHQQRODWLWXGLQDOWUDQVODWLRQRIVWUDWDVLQFHWKHODWH3DODHR]RLF-HVLQNH\HWDO+DUWOH\176
HWDO6RPR]D	7RPOLQVRQVRLWLVQRWQHFHVVDU\WRFDOFXODWHFKDQJHVLQSURGXFWLRQ177
UDWHZLWKODWLWXGH9DULDWLRQLQWKHJHRPDJQHWLFILHOGVWUHQJWKWKURXJKWLPHFDQDIIHFWWKHORQJWHUP178
SURGXFWLRQUDWHVRIFRVPRJHQLFQXFOLGHVHVSHFLDOO\DWORZODWLWXGHV)OXFWXDWLRQVRQWLPHVFDOHV179
ORQJHUWKDQN\URUVRWHQGWREHDYHUDJHGRXW180
181
:HKDYHXVHGWKHZHLJKWHGPHDQRIWKHFRVPRJHQLF+HSURGXFWLRQUDWHLQROLYLQHFRPSLOHGE\182
*RHKULQJHWDODQGLQFRUSRUDWHGPRUHUHFHQWPHDVXUHPHQWV)RHNHQHWDO%ODUGHW183
DO7KHVHDOHYHOKLJKODWLWXGH+HSURGXFWLRQUDWHVXVHGIRUWKHWKUHHVFDOLQJIDFWRUVDUH184
DWRPVJIRU/DODWRPVJIRU'XQDLDQGDWRPVJ185
IRU/LIWRQHWDO7KHVHZHUHVFDOHGIRUWKHFRPSRVLWLRQRIWKHDQDO\VHGPLQHUDOVXVLQJWKH186
HOHPHQWSURGXFWLRQUDWHVRI0DVDULN7KHFRQWULEXWLRQRI+HSURGXFHGE\FRVPRJHQLF187
WKHUPDOQHXWURQV&71RQ/LFDQQRWEHLJQRUHG'XQDLHWDO/LWKLXPLQDQGHVLWHVLV188
UHODWLYHO\ORZSSPDQGGXHWRPLQHUDOPHOWSDUWLWLRQLQJFRHIILFLHQWVLWUHVLGHVSUHGRPLQDWHO\189
LQWKHPDWUL[ZLWKS\UR[HQHVGLVSOD\LQJFRQFHQWUDWLRQVXVXDOO\EHORZSSP+RZHYHU190
DPSKLEROHVW\SLFDOO\KDYHKLJKHU/LFRQWHQWVDQG&71GHULYHGFRVPRJHQLF+HFDQFRQWULEXWHXS191
WRRIWRWDO$PLGRQHWDO/LZDVPHDVXUHGLQWKHDPSKLEROHVDPSOHVXVLQJ192
/$,&306WHFKQLTXHVVHH6XSSRUWLQJLQIRUPDWLRQ,WUDQJHVIURPSSPDQGDFFRXQWVIRU193
RIWKDWSURGXFHGE\VSDOODWLRQVHH6XSSRUWLQJLQIRUPDWLRQ194
195
5HVXOWV196
197
7KHFRVPRJHQLF+HSURGXFHGE\VSDOODWLRQDWHDFKVLWHIRUHDFKVXUIDFHXSOLIWVFHQDULRDQG198
VFDOLQJIDFWRUV7DEOHDUHSORWWHGLQ)LJXUH,WLVLPSRUWDQWWRVWUHVVWKDWWKHVHPRGHOOHG199
YDOXHVDUHXSSHUOLPLWVRQWKHDPRXQWRIFRVPRJHQLF+HWKDWKDVEHHQSURGXFHGDVLWDVVXPHVD200
9

PD[LPXPSRVVLEOHVXUIDFHH[SRVXUHDJHDQGGRHVQRWWDNHLQWRDFFRXQWWKHHIIHFWRIHURVLRQEXULDO201
RUH[KXPDWLRQRIWKHERXOGHUVGXULQJWKHLUUHVLGHQFHRQWKHVXUIDFH7KHVSDOODWLRQSURGXFHG202
FRVPRJHQLF+HFRQFHQWUDWLRQVRIHDFKPLQHUDOVDPSOHDUHSORWWHGDVGDVKHGOLQHVRQ)LJXUH203
&RUUHFWLRQIRU&71FRVPRJHQLF+HKDVEHHQPDGHXVLQJPHDVXUHG/LLQDPSKLEROH7DEOH6204
DQGDQXSSHUOLPLWRIIRUWKHS\UR[HQHVZKLFKHTXDWHVWRSSP/L'XQDLHWDO205
$PLGRQHWDO206
207
7KHUDSLG/DWH0LRFHQHXSOLIWKLVWRU\SUHGLFWVWKHORZHVWFRVPRJHQLF+HFRQFHQWUDWLRQVWR208
[DWRPVJDVWKHVXUIDFHVKDYHVSHQWWKHVKRUWHVWWLPHDWKLJKHOHYDWLRQ&RVPRJHQLF+H209
FRQFHQWUDWLRQVDUHSUHGLFWHGWREHKLJKHVWLQVDPSOHVWKDWUHPDLQHGDWWKHFXUUHQWHOHYDWLRQ210
WKURXJKRXWWKHLUKLVWRU\WR[DWRPVJ8SOLIWLQWKH(DUO\0LRFHQHJLYHV211
FRQFHQWUDWLRQVLQWKHUDQJHWR[DWRPVJZKLOHOLQHDUXSOLIWSURGXFHVFRVPRJHQLF+H212
FRQFHQWUDWLRQVRIWR[DWRPVJ7KHVFDOLQJIDFWRUVRI'XQDLV\VWHPDWLFDOO\213
\LHOGWKHORZHVWFRVPRJHQLF+HFRQFHQWUDWLRQVZKLOHWKRVHRI/DOSURGXFHWKHKLJKHVW214
215
7KH/DWH0LRFHQHXSOLIWPRGHOJHQHUDWHVPD[LPXP+HFRQFHQWUDWLRQVWKDWDUHORZHUWKDQ216
PHDVXUHGLQDOOVDPSOHVXVLQJDOOVFDOLQJIDFWRUV)LJXUH7KHVDPSOHVFRQWDLQ±[217
DWRPV+HJPRUH+HWKDQ/DWH0LRFHQH8SOLIWSUHGLFWVGHSHQGLQJRQVFDOLQJVFKHPH218
219
$OOVDPSOHVH[FHSWKDYH+HFRQFHQWUDWLRQVWKDWDUHSUHGLFWHGE\DQRXSOLIWKLVWRU\RU(DUO\220
0LRFHQHXSOLIW7KHFRVPRJHQLF+HFRQFHQWUDWLRQSUHGLFWHGE\/LQHDUXSOLIWXVLQJ/DO221
VFDOLQJIDFWRUVLVKLJKHUWKDQPHDVXUHGLQWKHVDPSOHVH[FHSWIRUVDPSOH7KH+HFRV222
FRQFHQWUDWLRQPHDVXUHGLQERXOGHURYHUODSVWKDWSUHGLFWHGIRUQRXSOLIWRIWKHVXUIDFHXVLQJ223
WKH/DORU/LIWRQHWDOVFDOLQJIDFWRUV224
225
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
226
'LVFXVVLRQ227
228
5XOLQJRXW/DWH0LRFHQHXSOLIW229
230
7KHSULQFLSDODLPRIWKLVZRUNLVWRWHVWZKHWKHURUQRWWKHKLJKFRQFHQWUDWLRQVRI+HFRVSUHYLRXVO\231
PHDVXUHGLQDOOXYLDOERXOGHUVIURP4XHUDGD$URPD(YHQVWDUHWDOFDQEHDFFRXQWHGIRUE\232
VXUIDFHXSOLIWLQWKH/DWH0LRFHQH7KHVLPSOHFRPSDULVRQZLWKSUHGLFWHG+HFRVFRQFHQWUDWLRQV233
FOHDUO\DSSHDUVWRH[FOXGH/DWH0LRFHQHXSOLIW)LJXUH234
235
7KHERXOGHUVRQWKHGHVHUWSDYHPHQWPD\KDYHXQGHUJRQHVPDOOGHJUHHVRIHURVLRQVXIIHUHG236
H[KXPDWLRQDQGRUSDUWLDOEXULDO$OORIWKHVHSURFHVVHVZRXOGGHFUHDVHWKHFRVPRJHQLF+H237
SURGXFWLRQUDWHDQGWKHUHIRUH\LHOGORZHUFRQFHQWUDWLRQVFRPSDUHGWRWKDWSURGXFHGE\FRPSOHWH238
H[SRVXUH7KHHIIHFWRIHURVLRQLVGRFXPHQWHGLQWKHVXSSRUWLQJLQIRUPDWLRQ)LJXUH68VLQJD239
ORZHURVLRQUDWHRIFPP\UVKRZVKRZHYHQDPLQRUDPRXQWRIHURVLRQZRXOGJUHDWO\GHFUHDVH240
WKHPRGHOOHGFRQFHQWUDWLRQV:KHQFRPSDULQJWKHVHPRGHOOHGFRQFHQWUDWLRQVWRPHDVXUHG+HFRV241
LQWKHDOOXYLDOERXOGHUVRQO\DVVXPLQJWKDWQRXSOLIWKDGRFFXUUHGRYHUWKHODVW0DZRXOGEH242
FRQVLVWHQWZLWKWKHGDWD$VVXFKHURVLRQDOSURFHVVHVZRXOGOHQGVXSSRUWWRDQHYHQHDUOLHUXSOLIW243
PRGHO244
245
3UHH[SRVXUHRIDOOWKHERXOGHUVSULRUWRGHSRVLWLRQRQWKH336LVWKHRQO\SURFHVVWKDWFRXOGKDYH246
LQFUHDVHGWKHFRQFHQWUDWLRQRIFRVPRJHQLF+H7KHUHDUHDQXPEHURIUHDVRQVZK\DVLJQLILFDQW247
FRQWULEXWLRQRILQKHULWDQFHFDQQRWDFFRXQWIRUWKHH[FHVVKHOLXPZLWKLQWKHVDPSOHVDVVXPLQJ/DWH248
0LRFHQH8SOLIW249
250
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
)LUVWO\WKHVLPLODULW\RIWKH+HFRQFHQWUDWLRQLQRIWKHVDPSOHVUHODWLYHWRHOHYDWLRQLVQRW251
W\SLFDORILQKHULWDQFH'XQDLHWDO1LVKLL]XPLHWDO.REHUHWDO)XMLRNDHWDO252
%OLVQLXNHWDO9DQGHU:DWHUHQDQG'XQDL,WZRXOGUHTXLUHWKDWHDFKERXOGHU253
KDVKDGDVLPLODUSUHH[SRVXUHKLVWRU\DQGWKDWHDFKZDVGHSRVLWHGZLWKWKHSUHH[SRVHGVXUIDFHDW254
WKHWRSRIWKHERXOGHU255
256
6HFRQGO\WKHERXOGHUVRQWKH336DUHORFDWHGRQWKHIODWO\LQJSDOHRVXUIDFHZKLFKLVNPZLGH257
DQGVORSHVDWDQDQJOHRI)LJXUH7KHQHDUHVWVLJQLILFDQWODUJHVFDUSVIRUERXOGHUVWR258
RULJLQDWHLVRYHUNPWRWKHHDVW7KHERXOGHUVFRXOGRQO\KDYHPRYHGLQDODUJHIOXYLDOHYHQW259
RULJLQDWLQJZLWKLQWKH3UHFRUGLOOHUD/DWH0LRFHQHXSOLIWUHTXLUHVWKHLVRODWLRQRIWKH336DW0D260
GXHWRLQFUHDVHGLQFLVLRQEHWZHHQWKH336DQG3UHFRUGLOOHUD7KHUHIRUHWKHERXOGHUVRQWKH336261
FRXOGRQO\REWDLQVLJQLILFDQWSUHH[SRVXUHIURPKLJKHUHOHYDWLRQVSULRUWR0D$WWKLVWLPHWKH262
HOHYDWLRQRIWKH3UHFRUGLOOHUDDQG:HVWHUQ&RUGLOOHUDZHUHVLJQLILFDQWO\ORZHUWKDQFXUUHQWO\WKH263
KLJKHVWHOHYDWLRQLVSUHGLFWHGWREHaP*DU]RLQHHWDO7KLVPDNHVDFFRXQWLQJIRUWKH264
H[FHVV+HZLWKLQWKHVDPSOHVKLJKO\XQOLNHO\)RULQVWDQFHWKHH[FHVV+HFRVLQERXOGHU265
UHODWLYHWRWKDWSUHGLFWHGE\/DWH0LRFHQHXSOLIWDW0D![DWRPVJLVHTXLYDOHQWWR266
aPLOOLRQ\HDUVH[SRVXUHDWVHDOHYHORUPLOOLRQ\HDUVH[SRVXUHDWWKHFXUUHQWDOWLWXGHRI267
4XHEUDGD$URPD7KHH[FHVV+HUHTXLUHVSUHH[SRVXUHIRUDPLQLPXPRIaPLOOLRQ\HDUVDWWKH268
KLJKHVWSRVVLEOHHOHYDWLRQZLWKLQWKHSDOHR$QGHVSULRUWR0DDVVXPLQJQRVXUIDFHHURVLRQ269
7KHFXUUHQWHURVLRQUDWHLQWKH:HVWHUQ&RUGLOOHUDLVEHWZHHQDQGFP0\UDWVLPLODU270
HOHYDWLRQV.REHUHWDO6XFKKLJKHURVLRQUDWHVDUHQRWFRQGXFLYHWRSUHVHUYDWLRQRI271
HQRXJKFRVPRJHQLF+HWRDFFRXQWIRUWKHDSSDUHQWH[FHVV272
273
,QVXPPDU\LWLVXQOLNHO\WKDWWKH336ERXOGHUVKDYHH[SHULHQFHGVLJQLILFDQWSUHH[SRVXUHWKXVWKH274
PHDVXUHGFRVPRJHQLF+HUHIOHFWVWKHVXUIDFHXSOLIWKLVWRU\7KH/DWH0LRFHQHXSOLIWPRGHOFDQQRW275
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SURGXFHHQRXJKFRVPRJHQLF+HWRDFFRXQWIRUWKHFRQFHQWUDWLRQVPHDVXUHGLQWKHDOOXYLDO276
ERXOGHUVIURPWKH3367KHGDWDGRQRWFRQVWUDLQDVLQJOHXQLTXHXSOLIWKLVWRU\EXWWKHGDWD277
DSSHDUWRUHTXLUHWKDWWKHPDMRULW\RIWKHXSOLIWRFFXUUHGSULRUWRWKH/DWH0LRFHQH278
279
,PSOLFDWLRQVIRU$QGHDQXSOLIW280
281
'HWHUPLQLQJDFFXUDWHO\WKHWLPHRIWKHRQVHWRIVXUIDFHXSOLIWWKURXJKRXWWKH&HQWUDO$QGHVLV282
HVVHQWLDOIRUXQGHUVWDQGLQJWKHJHRG\QDPLFPHFKDQLVPVRISODWHDXGHYHORSPHQWDWFRQYHUJHQW283
FRQWLQHQWDOPDUJLQVDQGZLOOKHOSLQIRUPRURJHQLFHURVLRQVHGLPHQWDWLRQORFDODQGUHJLRQDO284
FOLPDWHDQGUDLQIDOOSDWWHUQV%DUQHVDQG(KOHUV7KHUHVXOWVSUHVHQWHGKHUHVXJJHVWWKDWWKH285
336REWDLQHGDVXEVWDQWLDOSURSRUWLRQRILWVHOHYDWLRQSULRUWR0D7KLVLVFRQVLVWHQWZLWK286
HLWKHUDQHDUO\SKDVHRIXSOLIWLQWKH(DUO\0LRFHQHZLWKUHODWLYHO\PLQRUXSOLIWDIWHURUUHODWLYHO\287
VORZFRQVWDQWVXUIDFHXSOLIWUDWHVIRUWKHZHVWHUQIODQNRIWKH$QGHDQ&RUGLOOHUDIURP0DRU288
HDUOLHU289
290
7KLVLVLQGHSHQGHQWRIFOLPDWHVHQVLWLYHDOWLWXGHUHODWLRQVKLSVDQGVWDQGVLQPDUNHGFRQWUDVWWR291
SUHYLRXVVWXGLHVWKDWXWLOLVHGR[\JHQLVRWRSHV*DU]LRQHHWDOFOXPSHG&2LVRWRSHV292
*KRVKHWDO4XDGHHWDODQGIOXYLDOLQFLVLRQUDWH6FKLOGJHQHWDO+RNHHWDO293
7KRXUHWHWDOWKDWVXJJHVWWKHPDMRULW\RIXSOLIWRFFXUUHGDIWHU0D7KHUHVXOWV294
SUHVHQWHGKHUHILWWKHVWUXFWXUDOVXUIDFHLQFLVLRQGHIRUPDWLRQH[KXPDWLRQKLVWRU\DQGWLPLQJRI295
VHGLPHQWDU\GHSRVLWLRQWKDWLQGLFDWHSURJUHVVLYHVXUIDFHXSOLIWDVVRFLDWHGZLWKFUXVWDOVKRUWHQLQJ296
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